In this paper, a general analytical expression for the factor of safety of the rock slope against plane failure is proposed, incorporating most of the practically occurring under complex conditions such as depth of tension crack, depth of water in tension crack, seismic loads and surcharge. Several special cases of this expression are established, which can be found similarly to those reported in the literature. A detailed parametric analysis is presented to study the effect of surcharge on the stability of the rock slope for practical ranges of main parameters such as depth of tension crack, depth of water in tension crack, the horizontal seismic coefficient and the vertical seismic coefficient. The parametric analysis has shown that the factor of safety of the rock slope decreases with increase in surcharge for the range of those parameters in this paper. It is also shown that the horizontal seismic coefficient is the most important factor which effects on the factor of safety in the above four influence factors. The general analytical expression proposed in this paper and the results of the parametric analysis can be used to carry out a quantitative assessment of the stability of the rock slopes by engineers and researchers.
Introduction
The rock slope can be failure and instability by earthquake, which is one of the common earthquake disasters [1, and 2] . In recent years, it has caused rock slope failure in Wenchuan earthquake [3, 4, and 5] and Yushu earthquake [6] in China. The rock slope failure is characterized by extensive distribution, large quantity and great hazards. It will not only cause huge casualties and direct economic losses, but also cause traffic disruption, which can affect the relief and postearthquake recovery and other works. At present, the static stability analysis method of slope has been mature, which usually include limit equilibrium method, numerical analysis method and probability method. However, the dynamic stability analysis of the slope is still in the immature stage. And the main research methods are pseudo-static method, Newmark sliding block analysis method, dynamic finite element time history analysis method and so on [1] .The quasi-static method has been widely applied for its convenience, and it is extremely popular with engineers and researchers [7] . Hence, this paper uses the quasi-static method to analysis the effect of surcharge on the stability of rock slope under complex conditions.
The rock slope can be failure due to its geotechnical properties, geological structure conditions, other internal factors and the various external conditions such as depth of tension crack, depth of water in tension crack, seismic loads, surcharge, etc [8, 9, and 10] . And the rock slope failures in one or the combination of some idealized types, such as circular failure, plane failure, wedge failure and toppling failure [11] . A plane failure usually occurs in hard or soft rock slopes with well defined discontinuities and jointing [12] . The evaluation of stability of the natural rock slopes becomes very essential for the safe design, especially when the slopes are situated close to residential areas or when structures are built on these slopes. Therefore, this paper attempts to propose a general analytical expression considering most of the field parameters under complex conditions such as surcharge, water pressure and seismic loads. The general analytical expression the analysis results of the effect of surcharge on the stability of rock slope under complex conditions can be used to carry out a quantitative assessment of the stability of the rock slopes by engineers and researchers.
Analytical formulation
The geometric factors of a typical rock slope are shown as Fig.1 . And it shows a rock slope of height H inclined to the horizontal at an angle β . The sliding rock A 1 A 2 A 3 A 4 is separated by a vertical tension crack A 2 A 3 of depth z and the failure plane A 1 A 2 , which is inclined to the horizontal at an angle α . The tension crack is filled with water to a depth Z w . The weight of the sliding rock mass block is and B(=A 3 A 4 ) is the top width of the slope [12] . The slope is subjected to surcharge q. to water pressure in the tension crack is U 1 , and the uplift force due to water pressure on the failure plane is U 2 . The slope stability is studied as a two-dimensional problem, considering a slice of unit thickness through the slope, as suggested by Hoek [12] . It is also important to know that this analysis considers only force equilibrium without considering any resistance to sliding at the lateral boundaries of the sliding block [12] . 
where s is the shear strength of the sliding failure plane, and A is the area of the base A 1 A 2 of the sliding rock block given as
The top width B is calculated as
The shear strength of the sliding failure plane can be defined in terms of the Mohr-Coulomb failure criterion as:
where n σ is the normal stress on the failure plane, and c and φ are cohesion and angle of internal friction of the joint material. From Eqs. (2) and (5) 
The weight of the sliding rock block is
The horizontal force due to water pressure in the tension crack is
where w γ is the unit weight of water.
The uplift force due to water pressure on the failure plane is
Substituting values from Eqs. (3), (4) and (7) through (10) into Eq. (6) ( )
where
From Fig.1 , the total force tending to induce sliding is calculated as ( ) 
z , γ and q, respectively, and
Eq. (14) is the general expression for F s of the rock slop against plane failure. It can be used to get other expressions of some special cases and observe the effect of any individual parameter on the safety of the rock slope and to carry out a detailed parametric study as required in a specific field situation.
Cases study
The general equation [Eq. (14)] developed for F s of the rock slop against plane failure can have some special cases as explained below. Case 1. The joint material is cohesionless whether subjected to surcharge or not, and there is no seismic forces and water in the tension crack, that is, Case 2. The joint material is cohesive, and there is no seismic forces and water in the tension crack, that is,
Here, Eq. (14) becomes
Case 3. The joint material is c φ − material, and there is no seismic forces and water in the tension crack, that is,
Here, Eq. 
For a generalized case when the joint material is c φ − material, that is, 
Parametric Analysis
A parametric study is carried out to analysis the effect of surcharge ( Fig.2 As seen before, engineers and researchers should pay attention to the horizontal seismic load in practical engineering. Fig.5 and Fig.4 . 
Conclusions
The present study provides a general analytical expression for the factor of safety of a rock slope against plane failure, incorporating most of the practically occurring under complex conditions such as surcharge, water pressure and seismic loading. Several special cases of this expression are established, which can be found similarly to those reported in the literature. The general analytical expression proposed in this paper and the results of the parametric analysis can be used to carry out a quantitative assessment of the stability of the rock slopes by engineers and researchers.
